ABSTRACT
mobility [3] . Due to nodes high mobility, the topology of the network is subject to change frequently and routing for such a situation becomes difficult. The design of mobile ad hoc routing protocols is extremely challenging task because of limited bandwidth, limited power, and unpredictable radio channel behavior and node mobility [4] . The main challenges of routing protocols for Manets are to ensure that nodes are able to select an optimal path to forward the data traffic from source to the intended destination. Many routing protocols have been proposed for routing issues such as AODV [5] , AOMDV [6] , DSR [7] , DSDV [8] , TOHIP [9] , S-AODV [10] , S-DSDV [21] ,...etc, but many researchers have stated in literature that the Ant have the better potential to find an efficient and shortest path much optimal than other routing algorithm by depositing chemical substance called pheromone [2 indexing] . The researchers observed the behaviour of real ants and inspired to design a new ant routing protocols for manet such as ACO [11] , ARA [12] , SARA [13] , HOPNET [14] , ANTnet [15] , Ant AODV [16] , ANTALG [17] , etc. In popular population-based meta-heuristic ACO algorithm, when source requires a path to destination, source broadcast special kind of packet called Forward Ant [FANT] to its neighbor nodes, which replicates and rebroadcast the FANT until it reaches destination. The destination node then destroys the FANT and reply with special packet called Backward Ant [BANT] through the intermediate nodes. Upon the reception of BANT, the source starts sending data to the destination through the shortest path. But in SARA [13] , it works with the mechanism called Controlled Neighbor Broadcast [CNB] , in which every node broadcast FANT to its neighbor but only one of them rebroadcast again to its neighboring node. According to author [13] [18] since FANT packet replicated by all network nodes and the network is flooded with control information will reduce its performance. Figure 1 illustrates the FANT propagation of Ant routing algorithms. As the network grows large, the large number of network nodes joins in FANT and BANT transmission which significantly increases overhead and deteriorates its performance [13] . The flooding mechanism of this FANT and BANT transmission in the network is the disadvantage and increases the time required to discovering route during route discovery [13] . The aim of all routing protocols for data transmission is to find shortest path and optimal path between end nodes, but even though a network is loaded with large number of nodes, all most all routing protocols chooses minimum hops for establishing a shortest path between source and destination and eliminates all other nodes during route discovery. So flooding FANT packets for all redundant nodes during route discovery significantly increases additional time to update routing table and increases overheads. Hence, the aim of our proposed work is to minimize FANT transmission during route discovery and to reduce overhead.
The remaining part of this research article is organized as follows. Section 2 describes the literature survey. Section 3 presents the proposed work. Section 4 presents the Simulation results and comparison. Finally conclusion, Appendix and acknowledgement is described at the end of the report.
LITERATURE SURVEY
Fernando Correia, Teresa Vazao [13] proposed an improved version of ACO framework called Simple Ant Routing Algorithm (SARA) for the mobile ad hoc network. SARA uses the concept of Controlled Neighbor broadcast (CNB) mechanism to control packet flooding during route establishment and uses deep search procedure to recover route during route repair.
Petal routing [19] is a routing algorithm for MANET. In this routing approach it merge the concept of multipath and geographic routing algorithm, where network nodes are addressed based on geographic location rather than IP address with no routing principle. All the data packets are flooded in the network but the nodes which lies inside the petal region will rebroadcast again to its neighboring nodes.
PETAL ANT ROUTING (PAR) ALGORITHM FOR MOBILE AD HOC NETWORK
In this section, we present details of PAR architecture constructs as similar to others routing algorithm. PAR algorithm is an improved version of Simple Ant Routing Algorithm (SARA) [13] and combines the few characteristics of Petal routing [19] . PAR consists of 3 phases namely Route discovers, Route maintenance and Route repair. 
Route Discovery
In the route discovery phase, PAR computes the width of the petal (P w ), create new routes by forwarding special packet called Petal Forward Ant [P _FANT] by source and Petal Backward Ant [B_FANT] by the destination. A P_FANT is a small packet consists of P w and unique sequence number. One key aspect of this process is to compute the petal region between end nodes and to rebroadcast the P _FANT is describes next. With this, it is possible to minimize the overhead by eliminating redundant P_FANT and P_BANT transmission during route discovery. Thus maximize the ratio of packets generation and minimize the overhead. Consider the Figure 2 , Source denoted as S(x s ,y s ), Destination D(x d , y d ) and the intermediate node i(x i , y i ) where i = 1,2,3,..,n. Our proposed work merges the concepts of geographic routing [20] .The (x, y) coordinate of a mobile node represents (longitude, latitude) respectively. Each node is uniquely addressed inside or outside petal by geographic locations and by node id. When source (S) requires a path to destination (D), source computes the P w by following 3 steps.
Step 1: obtain nodes location dynamically and compute the distance (d) from S and D using (1)
Step 2: Compute and obtain (h, k) using (2)
Step 3: Compute petal region or width of the petal (P w ) between S and D using (3) as shown in Figure 3 .
Once the petal region is calculated, the source (S) starts to broadcast P_FANT packet to the network. From the Figure 3 , S has two adjacencies node i.e. node (1) and node (2), as the node receive the P_FANT by source node for the first time, the node verifies the P w in P_FANT and verify whether it lies inside or outside the petal region. PAR uses (4) to verify node whether it lies inside the petal or outside the petal region.
The node which lies inside the P w , will accept the P_FANT, update the pheromones value, destination address, next hop and rebroadcast the P _FANT to the next neighboring nodes. The node which doesn't lies inside the P w will discard the P_FANT and does not participate in route discovery process. This process is continued until it reaches destination (D). Once the P_FANT reaches the destination, destination extracts the information from P_BANT through the shortest path. Upon the reception of P_BANT packet, source starts transmitting data through shortest path updated by each intermediate node in the network. Thus PAR reduces overhead by eliminating the redundant FANT transmission in the network. Thereby increases the more number of packets generated by source, more number of packet received by destination and provides the better performance compare to SARA, AODV, and AOMDV. 
Route Maintenance
The second phase in PAR is route maintenance, which is mechanism to keep track improvements of routes and active route during communication. In ARA, there is no special packet is created for route maintenance. But in SARA, a Super FANT is created for asymmetric traffic. The PAR algorithm also updates active route while date session is running and work similar to SARA routing algorithm. 
Route Repair
The PAR initiate route repair process when broken link between two nodes is detected. Since the nodes are highly dynamic and mobile in nature, the broken link state can happen at any interval of time. This may due to node being turned off, or by limited band width or by congestion occurred, or by pheromone evaporation during data transmission. To repair route, PAR find alternative link in its routing table of the broken link. If there exists any other link between source and destination its sends the packet via this path else, if the route repair procedure fails during searching an alternative path to destination, source initiate a new route discovery process upon the reception error message.
SIMULATION EXPERIMENT SETUP USING NS2
The simulation experiment is carried under Ubuntu Linux. Comparison with classical routing such as AODV and AOMDV of NS2 package is also provided. NS2 implementation of SARA code has been enhanced to reduce overhead by eliminating redundant FANT transmission during route discovery process. The simulation is 
Metrics considered for evaluation
The following metrics are considered to evaluate and to compare the performance of PAR, SARA, AODV and AOMDV.
Packets sent -represents the total number of packets generated by all sources.
Packets Received
-represents the total number of packets received by all destinations. Packet Delivery Fraction/Ratio (PDF/PDR) -represents the ratio of packet received by all destinations to those generated by all sources.
End to End Delay
-represents the average time interval taken for a packet to transmit successfully from source to destination. Throughput -represents the total number of packet delivered per unit time. it is measured in kbps. Overhead -represents the ratio between the amount of routing message generated and forwarded across the network. Energy Consumption -represents the total amount of energy consumed by all the mobile nodes and measured in joules.
Simulation Environment A
In the first environment experiment setup, a network is loaded with moving nodes and configured with same speed. In each simulation test, nodes are generated randomly, contains only one source and the destination, move according to random way point mobility model. The simulation is carried for 160 sec and node move with a speed of 0 m/s to a maximum speed of 10 m/s. The exact values used for the number of nodes and important parameter are described at Table 1 . The results of simulation are tabulates and depicted in the Table 2, Table 3 , Table 4 and Table 5 in annexure. In each sets of graphs, the performance of proposed work and other algorithms such as SARA, AODV and AOMDV with respect to number of nodes is shown line graph (a) and the average performance of all routing algorithms is shown in bar chart (b). The graph in Figure 6 (a), (b) shows the performance of four routing algorithms in terms of packet generated by the source. The proposed PAR generated more number of packets than SARA, AODV and AOMDV. From the graph of Figure 6 (b), the PAR generates 11.496 % more number of packets than SARA, 41.7449 % more number of packets than AODV and 33.271 % more number of packets than AOMDV.
The graph in Figure 7(a), (b) shows the performance of four routing algorithms in terms of packets received by the destination. The proposed PAR receives the more number of packets than SARA, AODV and AOMDV. From the graph of Figure 7 (b), the PAR receives 11.496 % more number of packets than SARA, 57.846 % more number of packets than AODV and 42.8411 % more number of packets than AOMDV.
The graph in Figure 8 (a), (b) shows the performance of four routing algorithms in terms of Packet Delivery Fraction (PDF). The proposed PAR performance good with higher PDF than SARA, AODV and AOMDV. From the graph of Figure 8(b) , the average PDF of PAR is 0.070 % more than SARA, 11.441 % more than AODV and 7.23 % more than AOMDV.
The graphs in Figure 9 (a), (b) shows the performance of four routing algorithms in terms of end to end delay. The end to end delay of PAR is less SARA but higher than AODV and AOMDV. From the graph of Figure 9 (b), the average end to end delay is 6.825 % less than SARA, 36.22 % more than AODV and 16.568 % more than AOMDV.
The graphs in Figure 10 
Simulation Environment B
In the second simulation environment experimental setup, a network is loaded with 104 wireless moving nodes in a 1000 x 1000 flat space and consists of four sources of FTP/TCP type and four destinations. All the nodes changes their location during simulation run except the destination nodes, where destination nodes were placed at centre of the scenario. The radio propagation range of each node is 200 m. Each data packet is of 1000 byte of size. The simulation is carried for 50, 100, 150, 200 and 250 seconds with a speed of 0 m/s to a maximum speed of 10 m/s. The results of simulation are tabulated and depicted in the Table 6 and Table 7 in annexure. The graph in Figure 12 (a), (b) shows the performance of two routing algorithms in terms of packets generated by sources with simulation time. The proposed PAR generates more number of packets than SARA. From the graph of Figure 12 (b), the PAR generates 5.13 % more number of packets than SARA.
The graph in Figure 13 (a), (b) shows the performance of two routing algorithms in terms of packet received by the destination. The proposed PAR receives more number of packets when compared to SARA. From the graph of Figure 13 (b), the PAR receives 5.14 % more number of packets than SARA.
The graph in Figure 14 
CONCLUSIONS
PAR (Petal Ant Routing) is an ant based routing algorithm for mobile multi-hop ad hoc network which extract few features from petal routing for computing width of the petal (P w ) and make P _FANT and P _BANT to propagate for establishing path between the end nodes within the petal region. The PAR algorithm has been successfully simulated using NS2. The performance of PAR has been evaluated based on different metrics and different simulation environments. The simulation results of both environment shows, the PAR performs better in terms of packet generated by the sources, packet received by the destinations, packet delivery fraction, provides good throughput and by reducing the overhead. PAR also increases network life time by reducing the end to end delay and amount of energy consumed specially in case of SARA.
APPENDIX
The performances of routing protocols were studied with respect to different network size. We conducted the experiment tests for 15 times and only the average value is considered in each case. The experimental result shows that our proposed model performs better than SARA, AODV and AOMDV routing protocol. Table 2, Table 3, Table 4 , Table 5 shows the analysis results of SARA, PAR, AODV and AOMDV. Table 6, Table 7 shows the analysis results of SARA and PAR for 104 wireless mobile nodes respectively. 
